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57) ABSTRACT 
A semiconductor structure is configurable via a custom 
izing mask either as a varicap diode or as a polysilicon 
emitter bipolar transistor. The structure forms part of an 
integrated circuit providing e.g. a voltage controlled 
oscillator for a crystal frequency standard. 

2 Claims, 3 Drawing Sheets 
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1. 

VARCAP DODE STRUCTURE 

This invention relates to varicap diode structures, e.g 
for use in integrated circuits, and to a method of fabri 
cating such structures. 

BACKGROUND OF THE INVENTION 

A wide variety of varicap diode structures have been 
described. Certain of these structures have been de 
signed or adapted for incorporation in integrated cir 
cuits. The use of such structures in semi-custom inte 
grated circuits has however presented considerable 
difficulty. In a semi-custom circuit the manufacturer 
provides a basic circuit structure, e.g. an array of similar 
device blocks or cells, which is then interconnected in a 
particular way by one or more customer-specified 
masks to provide a desired circuit function. Clearly, it is 
to the manufacturer's advantage if he can provide a 
versatile basic circuit structure with a wide variety of 
applications so as to minimise his production costs. In 
such circuits, varicap diodes may be required by some 
customers but not by others. Thus, if conventional vari 
cap diode structures are incorporated in a semi-custom 
circuit, these structures may occupy chip space that for 
some customers is effectively redundant. Moreover, 
conventional diode structures are generally fixed in 
maximum and minimum capacitance value prior to the 
application of the customising interconnections and are 
not amendable to modification to suit individual cus 
tomer requirements. 

OBJECT OF THE INVENTION 
The object of the present invention is to minimise or 

to overcome these disadvantages. 
A further object of the invention is to provide a vari 

cap diode structure that is compatible with bipolar tran 
sistor processing. 

SUMMARY OF THE INVENTION 

According to the invention there is provided an inte 
grated circuit incorporating a varicap diode structure 
formed in an epitaxial layer of one conductivity type on 
a single crystal semiconductor substrate of the other 
conductivity type, the structure including a surface 
region of the other conductivity type forming a pn 
junction with the epitaxial layer whereby to provide a 
first varicap diode, a buried layer of the one conductiv 
ity type disposed between the epitaxial layer and the 
substrate, said buried layer forming a pnjunction with 
the substrate whereby to provide a second varicap di 
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ode, and a conductive region extending through the . 
epitaxial layer to the buried region and providing elec 
trical contact to that region. 
According to the invention there is further provided 

an integrated circuit incorporating a varicap diode 
structure adjacent a polysilicon emitter bipolar transis 
tor, the circuit including 
(1) a lightly doped p-type semiconductor substrate 
having a lightly doped n-type epitaxial layer dis 
posed on a major surface thereof, 

(2) a heavily doped n-type layer disposed between the 
substrate and the epitaxial layer 

and providing a buried layer, said buried layer forming 
a pn junction with the substrate whereby to provide a 
first varicap diode. 
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(3) a heavily doped n-type sinker extending through 

the epitaxial layer to the buried layer and providing 
electrical contact thereto, 

(4) heavily doped p-type regions disposed in the sur 
face of the epitaxial layer and each forming a pin 
junction therewith, one said p-type region provid 
ing a second varicap diode and a further said p-type 
region forming a base contact of the bipolar transis 
tor, 

(5) a shallow lightly doped p-type region disposed in the 
surface of the epitaxial layer and contiguous with the 
further p-type region, said shallow p-type region 
providing a base of said bipolar transistor, 

(6) a polysilicon body disposed on said shallow p-type 
region and providing the emitter of said bipolar tran 
sistor, and 

(7) a metallisation pattern providing contact to the 
polysilicon emitter body, the n-type sinker and said 
one and said further p-type regions. 
The portion of the circuit incorporating the varicap 

diode structure can be configured either as a diode or as 
a transistor by the use of the final customising masks. 
The structure is of particular application in the con 

struction of quartz crystal oscillator or filter packages as 
the arrangement can be readily configured in a voltage 
controlled oscillator. Also, as configuration of the diode 
is delayed until-the final stages of circuit fabrication, a 
wide range of circuits can be configured using a com 
mon mask set for the earlier stages of fabrication. 
BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the invention will now be de 
scribed with reference to the accompanying drawings 
in which: 
FIG. 1 is a plan view of the varicap diode structure; 
FIG. 2 is a sectional view of the diode struture of 

FIG. 1 taken along the lines X X; 
FIG. 3 shows the equivalent electrical circuit of the 

diode structure of FIG. 1 to 2; and 
FIG. 4 shows the structure of FIGS. 1 to 3 in an 

alternative bipolar transistor configuration. 

DESCRIPTION OF PREFERREDEMBODIMENT 
Referring to FIGS. 1 to 3 of the drawings, the diode 

structure is formed in a lightly doped n-type epitaxial 
layer 11 disposed on a lightly doped p-type semicon 
ductor, e.g. silicon substrate 12. A heavily doped n 
type buried layer 13 is disposed between the epitaxial 
layer 11 and the substrate 12, and is contacted via a 
heavily doped n-type sinker 14 (FIG. 2) extending 
through the epitaxial layer 11. Heavily doped p-type 
regions 15 are formed, e.g. by implantation, in the sur 
face of the epitaxial layer 11 adjacent the sinker 14 and 
are isolated therefrom by field oxide 16. This field oxide 
16 surrounds the p-type regions 15. Electrical contact 
to the P-type regions 15 and to the sinker 14 is effected 
via metallisation 17 deposited over a patterned glass 
passivation layer 18. The structure is isolated from adja 
cent devices by p-type isolation regions 19. 
The pn junctions formed between the p-type re 

gions 15 and the epitaxial layer 11 and between the 
buried layer 13 and the substrate 12 are both abrupt and 
of significant area so as to provide a significant junction 
capacitance. Each junction provides a varicap diode 
whose capacitance range is determined by junction area 
and by the abruptness of the junction. 
The areas of the pn junctions between the p"-type 

regions and the epitaxial may be so defined, by determi 
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nations of the dimensions of these regions, so as to 
achieve a particular value for each varicap diode. This 
may be effected by the use of a customer defined mark 
whereby a polycrystalline silicon (polysilicon) pattern 
is applied to the structure prior to implantation of the 
p'-type regions. This pattern then provides an implan 
tation mask for the p-type regions. In some applica 
tions, one p-type region of the structure of FIGS. 1 to 
3 may be masked out completely to provide a structure 
having only two diodes. The polysilicon layer may also 
provide series resistors for the diodes. 
FIG. 3 shows the equivalent electrical circuit of the 

diodestructure of FIGS. 1 and 2. Diode D1 is provided 
by the buried layer 13 whilst diodes D2 and D3 are 
provided by the p-type regions. 

FIG. 4 illustrates the manner in which the diode 
structure of FIGS. 1 to 3 may be incorporated in a 
bipolar polysilicon emitter process. In some applica 
tions this process may also include the formation offield 
effect transistors. 

Referring to FIG. 4, there is shown astructure which, 
includes a polysilicon emitter transistor, generally indi 
cated by the reference numeral 50, and two varicap 
diodes (D51, D52). In this arrangement the pi-type 
region 15a provides the cathode of the varicap diode 
D51. The other P-type region 15b is divided into two 
portions one of which provides the base contact of a 
bipolar transistor 50. Between the two portions of the 
region 15b a shallow lightly doped p-type implant 54 is 
provided. Above this implant there is a polysilicon 
emitter body 55 contacted by a metal layer 17a. Further 
parts of this metal layer (17b) provide contacts to the 
transistor base, (17c) to the sinker 14, and (17d) to the 
cathode 15 of diode D51. The n-type epitaxial layer 
provides the collector of the transistor and is contacted 
via the buried layer 13 and the sinker 14. It will be 
appreciated configuration of each p-type region 15 to 
form either the cathode of a varicap diode or the base 
contact of a bipolar transistor is effected at a late stage. 
of the process, i.e. at a customising stage. The circuit 
manufacturer can thus provide a single basic circuit 
structure that is adapted by each customer to his partic 
ular requirements. 
A particular application of the technique described 

herein is in the fabrication of a crystal oscillator or filter 
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4. 
package comprising one or more piezo-electric fre 
quency detaining crystals mounted on an integrated 
circuit incorporating the varicap diode structure and 
comprising voltage controlled oscillator. 

I claim: 
1. An integrated circuit incorporating a varicap diode 

structure adjacent a polysilicon emitter bipolar transis 
tor in a common device region, the circuit including: 

(1) a lightly doped p-type semiconductor substrate 
having a lightly doped n-type epitaxial layer 
disposed on a major surface thereof, --- 

(2) a heavily doped n-type layer disposed between 
the substrate and the epitaxial layer and providing 
a buried layer, said buried layer forming a pnjunc 
tion with the substrate whereby to provide a first 
varicap diode. 

(3) a heavily doped n-type sinker extending through 
the epitaxial layer to the buried layer and providing 
electrical contact to a central region thereof, 

(4) heavily doped p-type regions disposed in the 
surface of the epitaxial layer and each forming a pn 
junction therewith, one said p-type region pro 
viding a second varicap diode and a further said 
p-type region forming a base contact of the bipo 
lar transistor, said pt-type regions having been 
formed simultaneously via a polysilicon mask, 

(5) a shallow lightly doped p-type region disposed in 
the surface of the epitaxial layer and contiguous 
with the further p-type region, said shallow p 
type region providing a base of said bipolar transis 
tor, 

(6) a polysilicon body disposed on said shallow p-type 
region and providing the emitter of said bipolar 
transistor said polysilicon body comprising part of 
said polysilicon mask, and 

(7) a metallisation pattern providing contact to the 
polysilicon emitter body, the n-type sinker and 
said one and said further p-type regions. 

2. An integrated circuit as claimed in claim 1, and 
incorporating a plurality of device regions, some of 
which accommodate a pair of varicap diodes. 


